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Parasitic infestation of the skin by the mite Sarcoptes
scabiei is a signi¢cant problem worldwide, particularly
in socially disadvantaged communities. A multigene
family of at least 24 homologs of a serine protease aller-
gen have been identi¢ed in S. scabiei. Surprisingly, the
products of all but one of these genes are predicted to
be catalytically inactive, due to mutations at a critical
triad of amino acids at the active site. We discuss the
possibility that these genes for inactivated proteases
have been conserved because they mediate a novel host
defense evasion strategy that the mite has evolved as an
adaptation to parasitism of the epidermis. The identi¢-
cation of this family, and elucidation of its value to the
parasite, may present an unanticipated approach to pro-
tective vaccination. Key words: group 3 allergens/protease
activated receptors. J Invest Dermatol 121:1419 ^1424, 2003
S
cabies is a parasitic infestation of skin by the mite Sar-
coptes scabiei (Arlian, 1989; Green, 1989; Davis and Moon,
1990; Elgart, 1990). Despite the availability of pharma-
ceutical control measures approximately 300 million
people worldwide are a¥icted primarily in socially dis-
advantaged populations, such as indigenous communities (Currie
et al, 1994), immunode¢cient patients, and residents of nursing
homes (Taplin et al, 1991). Classical scabies presents as a general-
ized pruritis, which is frequently more intense at night. An infes-
tation occurs when the adult female mite, approximately 0.3 mm
in length, forms a burrow in the skin often invisible to the naked
eye. The severe itching and papular rash of the primary infesta-
tion take 4 to 6 wk to develop, during which time mite numbers
can reach between 10 and 50. Thus transmission to others often
occurs before treatment is sought. In contrast, reinfestation pro-
duces an immediate hypersensitivity reaction. Pruritic scabies le-
sions are often accompanied by streptococcal infections with
signi¢cant sequelae (cellulitis, septicemia, and glomerulonephri-
tis) (Currie and Carapetis, 2000). Scabies is also an important
veterinary problem (Davis and Moon, 1990). The current wide
prevalence and decreasing treatment e⁄cacy for scabies indicate
that development of novel control strategies, in the form of vac-
cination or immunotherapy, are warranted. A vaccine against the
cattle tick Boophilus microplus has been developed, targeted against
the gut wall antigen Bm86, which results in the dramatic lower-
ing of tick numbers (Willadsen and Kemp, 1989). We have pre-
viously discussed the possibility of developing an analogous
vaccine against scabies (Kemp et al, 2002). The feasibility of this
goal is supported by studies where immunization with crude
house dust mite extracts decreased the scabies mite burden in rab-
bits (Arlian et al, 1995). Furthermore, there is convincing epide-
miologic evidence that clinical immunity to scabies develops in
humans (Mellanby, 1944). Little is known, however, about the
immunologic response to scabies infestation.
In contrast, allergens of the related astigmatid house dust mites
have been studied extensively as they have been implicated
among elicitors of the allergic response in asthma. Several of the
allergens are hydrolytic enzymes secreted into the gut of the
mites and are presumably involved in digestion (Chua et al, 1988;
Stewart et al, 1992, 1994; Smith et al, 1994; Thomas and Smith,
1999). Anti-sera to allergens from the house dust mites Dermato-
phagoides cross-react with extracts of S. scabiei (Arlian et al, 1991). It
is possible that immunization with a cocktail of the scabies mite
homologs of house dust mite gut allergens would inhibit mite
digestion and hence protect against a scabies mite infestation. In
addition, scabies mites dying in burrows might release these mo-
lecules in a form accessible to the immune system and hence
might boost the immune response. Certainly antibodies to sca-
bies antigens are detectable in patients, although the identity of
the antigens is not known (Falk and Bolle, 1980).
Group 3 house dust mite allergens are abundant serine pro-
teases that are secreted into the gut of the mite. Group 3 allergens,
typi¢ed by Der p 3 from Dermatophagoides pteronyssinus are serine
proteases of the S1 family, related to chymotrypsin and trypsin
(Rawlings and Barrett, 1994). They are excreted in fecal pellets,
which can become aerosols and hence are an important cause of
asthma. A large proportion of asthma patients have a strong IgE
reaction to group 3 allergens (Ando et al, 1993).
A major limitation for molecular studies on scabies has been
the di⁄culty of obtaining mites in su⁄cient numbers, because
the parasite burden is generally very low and no in vitro culture
system for propagating mites is available. cDNA libraries,
however, have recently been prepared from S. scabiei var. vulpes
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mRNA (Mattsson et al, 2001) and from var. hominismRNA from
mites in skin shed into the bedding of crusted scabies patients
(Harumal et al, 2003). Homologues of the house dust mite aller-
gens glutathione S-transferase, paramyosin, and M-177 were
identi¢ed during initial characterization of clones for an ex-
pressed sequence tag (EST) library (Fischer et al, 2003a).We de-
scribe here the identi¢cation of multiple contigs encoding
scabies homologs of group 3 allergen sequences in an expressed
sequence tag library.
MATERIALS AND METHODS
S. scabiei var. hominis cDNA librariesYv4,Yv5, andYv6 in bacteriophage l
vector lZAP Express have been described (Fischer et al, 2003a). Libraries
YvT,Yv7,Yv8, andYv9 were derived from them by normalization utilizing
reassociation kinetics (Fischer et al, 2003b). Excised phagemid clones were
sequenced in 96 well plate format from the T3 primer using ABI PRISM
BigDye terminator and an ABI PRISM 3700 capillary DNA analyzer
(Applied Biosystems, Foster City, California) under contract by the Austra-
lian Genome Research Facility. The program phred (Ewing et al, 1998.) was
used for automatic base calling and trimming of vector and low-quality
sequences (phred scoreo20). Contigs were assembled using the program
phrap (Gordon et al, 1998) using the default values except for minscore (60)
and minmatch (28) to increase the stringency of the contig assembly.
Further sequencing of clones was undertaken as necessary from the T7 pri-
mer using ABI PRISM BigDye terminator and an ABI PRISM 377 DNA
sequencer. These sequences were manually trimmed of vector and low-
quality sequence and aligned to the assembled contigs.
Sequences were compared with the GenBank nonredundant databases
using the basic local alignment search tool (BLAST) (Altschul et al, 1990).
Signal sequences were predicted using the program SignalP-NN version
2.0.b2 (Nielsen et al, 1997a, b) (http://www.cbs.dtu.dk/services/SignalP). Se-
quences were analyzed for homology to known protein domain families
using the simple modular architecture research tool (SMART) (Schultz
et al, 1998, 2000), at the web site of the European Molecular Biology La-
boratory (http://smart.embl-heidelberg.de).
The predicted mature protein sequences of the scabies mite contigs,
the house dust mite group 3 allergens and the house dust mite group 6
allergen Der f 6 (accession number AAF28423) (Kawamoto et al, 1999) were
aligned using ClustalW (Thompson et al, 1994). The alignment was boot-
strapped using Seqboot (100 replicates), trees inferred using the parsimony
algorithm and a consensus tree drawn using Consense (Felsenstein,
1989).
DNA from individual mites was extracted in 50 mL of PrepMan Ultra
(Applied Biosystems). Polymerase chain reactions were conducted using 1
mL of the extracted DNAwith 50pn (picomol) of each primer speci¢c for
contig Yv4005G12 (forward 50 -ATCTAAGCTTCATAATGACTAG-30, re-
verse 50 -CTTTGTATCCACTCCCATAAAAG-30) orYv6023A04 (forward
50 -CGTTATCGTATTGTTTCGGTG-30, reverse 50 -GTATCCATGAGA-
CATAAGATC-30). The reactions were initially heated to 941C for 10 min
followed by 35 cycles of 941C for 40 s, 551C for 40 s and 721C for 2 min.
Products were puri¢ed using a Qiaquick kit (QIAGEN, Clifton Hill,
Victoria, Australia) and sequenced using the relevant forward and reverse
speci¢c primers, using ABI PRISM BigDye terminator and an ABI
PRISM 377 DNA sequencer.
RESULTS
Sequences from 19,488 clones were examined for homology with
sequences in the GenBank nonredundant database using BLAST.
Fifty-four of the cDNA clones sequenced fell into 24 distinct
contigs that each have house dust mite group 3 allergens as their
top BLASTx match. In all cases, the next closest matches after
house dust mite group 3 allergens were serine proteases of the
S1 family. Clones from non-normalized libraries (9216 sequence
runs) represented 0.34% of the total cDNA sequenced. Among
the 24 contigs, sequences of the entire coding region of 15
contigs and of the mature protein of a further two contigs was
completed. The sequences of these 17 contigs were submitted to
GenBank and were assigned the accession numbers AY333071 to
AY333087.The relationships of the 17 contigs and their house dust
mite counterparts are shown in the ClustalW alignment of the
predicted mature enzyme sequences in Fig 1 and the consensus
tree inferred from a bootstrapped alignment using the parsi-
mony algorithm is shown in Fig 2.
The sequence exhibiting the closest match, Yv7016G03,
appeared by all criteria available to be a homolog of the group 3
allergens. It was designated Sar s 3, while recognizing that it is
not yet known if it is an allergen and hence appropriately
described by this nomenclature. The house dust mite group 3
allergens are predicted to have a signal peptide that is cleaved
after amino acid 18 in Der p 3 (accession number AAA19973)
and Eur m 3 (accession number AAD10712) and at the
homologous site (amino acid 16) in Der f 3 (accession number
BAA09920), generating a proenzyme in each case. The pro-
enzyme has been shown to be cleaved after amino acid 29 in
Der p 3 (Stewart et al, 1992) to generate the mature enzyme.
Examination of Sar s 3 using SignalP predicted that the ¢rst
21 amino acids of the protein function as a signal sequence.
Analysis of the sequence using SMART revealed that the re-
gion after amino acid 29 was identi¢ed as being a member of
the family of trypsin-like serine proteases (SMART family,
SM0020; Pfam, PF00089). Amino acids 29 to 32 are identical to
the ¢rst four amino acids of the mature enzyme Der p 3 so
presumably this corresponds to the N-terminus of the mature
Sar s 3 protease.
The predicted mature length of Sar s 3 is 231 amino acids,
di¡ering by only three insertions and four deletions from the
house dust mite proteins (Fig 1). Der p 3, Der f 3, and Eur m 3
show 81% to 82% identity to each other, whereas the putative
mature Sar s 3 protein shows 43% to 44% identity to these
house dust mite proteins. The six cysteine residues involved in
intramolecular disul¢de bonding of serine proteases of family S1
(Rawlings and Barrett, 1994) are conserved in the mature house
dust mite sequences and in the Sar s 3 protein. The histidine
(position 46), aspartic acid (position 93), and serine (position
202) of the catalytic triad are all present in Sar s 3, and residue
196 is an aspartic acid, suggesting a trypsin-like speci¢city
(Fig 1).
Examination of the other S. scabiei contigs using SignalP
strongly predicted the presence of signal sequences on all 14 for
which the full sequence was available. In all but one of these
sequences, the predicted signal cleavage site is at the position
corresponding to the site of cleavage of the proenzyme to form
the mature protease in the house dust mite group 3 allergens (Fig
1). Hence it is likely that these putative proteins are secreted as the
mature proteins. For the remaining sequence, Yv4005B08, the
cleavage site predicted by SignalP is between residues 25 and 26.
Analysis of Yv4005B08 protein sequence using SMART
indicated that homology with the family of trypsin-like serine
proteases begins at residue 24, which corresponds to the start of
the mature house dust mite proteins. Thus this position was used
as the putative start of the mature protein for this molecule (Fig
1). The putative N-terminus of the cleaved molecules is that
which is most commonly found at the N-terminus of the
chymotrypsin family, isoleucine, except in three of the proteins,
Yv9017F05, Yv4005B08, and Yv5027C11, in which it is leucine
(Fig 1).
These S. scabiei contigs are much more divergent than the
house dust mite group 3 allergens (Figs 1 and 2). The predicted
mature proteins range from 219 to 248 amino acid residues in
length. The closest pair Yv7016C10 and YvT003F10 show 84%
similarity to each other, whereas the most distant pair
Yv4031D03 and Yv5001A04 show only 43% similarity. Apart
from Sar s 3, Yv4005G12 shows the highest identity to Der p 3
at 36%.
In contrast to Sar s 3, all other scabies mite homologs exa-
mined lack at least two of the six conserved cysteine residues. In
all of these putative proteins, the cysteine residues that £ank the
active serine in the house dust mite proteins and the putative Sar s
3, and that are generally disul¢de bonded together in proteases of
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the S1 chymotrypsin family (Rawlings and Barrett, 1994) are
absent. Yv5001A04 is more divergent as a further pair of cysteine
residues are also absent (Fig 1). A remarkable feature of the
contigs, however, is that with the exception of Sar s 3, not one
of them encodes a putative protein with an intact catalytic triad
(Fig 2). In all 16 other contigs the active serine is substituted,
most commonly by alanine. Other substitutions for the active
serine were isoleucine, glutamic acid, asparagine, aspartic acid,
and valine. By itself this rules out the possibility that any of the
members of the gene family with this substitution could act as
proteases by a known mechanism. Equally remarkably, with the
exception of Yv6023A04, which has only the active serine
replaced, members of this gene family have two or, more
commonly, all three amino acids of the catalytic triad mutated.
Hence it is quite clear that they are no longer a family of active
proteases.
Determination of the number of synonymous versus
nonsynonymous mutations within the mature protein region
revealed that in each possible comparison synonymous changes
exceeded nonsynonymous changes by 1.8-fold. This is consistent
with the proteins having functions that can be deleteriously
a¡ected by nonsynonymous mutations and hence are subject to
‘‘purifying selection’’ (Graur and Li, 2000). We conclude that
they indeed have a function, presumably derived from their
original functions as proteases.
Analysis of the phylogenetic relationships of these proteins
suggests that inactivation of the capacity for proteolysis may
have occurred in two di¡erent ancestral genes, which were both
derived by successive duplications of the gene primordial to
group 3 allergens. Phylogenetic trees generated by a variety of
methods were similar and bootstrapping demonstrated high
con¢dence levels for the major branches, re£ecting the con-
siderable degree of sequence diversity. The house dust mite
proteins and Sar s 3 formed a clade (clade 4, Fig 2) considerably
less divergent than the other sequences. In trees produced both by
parsimony (Fig 2) and maximum likelihood methods (data not
shown), Yv50018H10/Yv4005G12 and Yv5001A04/Yv5026E07 are
related outliers (clades 2 and 3), with the remaining sequen-
ces forming a clade of more closely related sequences. As this
gene family apparently contains at least 24 expressed genes,
presumably expansion of the gene family has arisen by a
succession of such recombination events. At least some of these
genes appear to have undergone successive duplications and
divergence after they ceased to encode functional proteases. We
conclude that they must be under selection for some other
function. We have termed them Scabies Mite Inactivated
Figure1. ClustalW alignment of the mature protein sequences of house dust mite group 3 allergens and their scabies mite homologs. The
order of the sequences shown has been changed to correspond with that of the dendrogram in Fig 2. Conserved cysteine residues and the residues impor-
tant for catalytic activity and speci¢city are shaded. The sequences described have been submitted to GenBank and have been assigned the accession num-
bers AY333071 to AY333087.
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Protease Paralogue (smipp) genes. As these proteins are members
of the serine protease family and other classes of proteases have
been identi¢ed in S. scabiei (our unpublished observations), we
will refer to the genes as smipp-s and their putative products as
SMIPP-S.
Polymerase chain reaction products from chromosomal DNA
of several individual mites were generated with primers speci¢c
for contigs Yv4005G12 (clade 2) and Yv6023A04 (clade 1).
Alignment with the respective cDNA sequences revealed a 60
bp sequence in Yv4005G12 and a 54 bp sequence in Yv6023A04
with the features of an intron located at the same point in each
sequence. This con¢rms that the cDNA are derived from
expressed and spliced mRNA, and hence are not contaminating
chromosomal fragments. The sequences of Yv4005G12 and
Yv6023A04 determined from three individual mites, were all
identical to the cDNA except that they contained the intron,
which was identical in each case. Four additional mite genomic
sequences of Yv6023A04 di¡ered from the cDNA sequence by
the same ¢ve single nucleotide polymorphisms, which included
both synonymous and nonsynonymous changes; however, such
di¡erences meet the criteria for inclusion of a sequence within a
contig. One of these generated a non-sense codon in the coding
sequences at position 38, whereas none of the 54 cDNA clones
contained non-sense codons. Hence it appears that if pseudo-
genes arising within the large family of smipp-s genes produce
mRNA, it is rapidly degraded. As this pseudogene contained an
intron it presumably arose by gene duplication rather than by
retrotransposition (Mighell et al, 2000).
DISCUSSION
Identi¢cation of scabies homologs of house dust mite allergens as
an initial approach to understanding the immunology of scabies
at a molecular level, has recently been successful with the isola-
tion of homologs of house dust mite allergen groups 8, 11, and
14 (Mattsson et al, 2001; Fischer et al, 2003a; Harumal et al, 2003).
Clone Yv7016G03 described here appears to encode the scabies
mite homolog of house dust mite group 3 allergens and hence it
has been designated Sar s 3. Only one cDNAwith this sequence
was found among 19,488 sequences. Screening a library of house
dust mite cDNAwith a group 3 allergen DNA probe identi¢ed
clones at a similar frequency (Smith andThomas, 1996). The tran-
scripts encoding other members of this gene family are collec-
tively much more abundant. It has not yet been established
whether Sar s 3 acts as an allergen and the large number of related
sequences may complicate this question experimentally as they
may cross-react serologically.
We have identi¢ed 54 scabies cDNA clones grouped into 24
contigs, all of which have house dust mite group 3 allergens as
their closest known counterpart in the current nonredundant se-
quence database. The genome of Drosophila melanogaster encodes
about 199 trypsin-like serine proteases and 178 chymotrypsin-like
serine proteases (Rubin et al, 2000) and mite genomes would be
expected to be similar in complexity. The D. pteronyssinus group 3
allergen Der p 3 has been considered to be the product of a single
gene (Smith and Thomas, 1996). Of seven available Der p 3
sequences, four were identical in the coding region and two were
closely similar (98.7% identity). The remaining sequence of
84.4% identity was clearly a separate gene. Further, only limited
polymorphisms of Der p 1 (Chua et al, 1993) and Der p 2 (Chua
et al, 1996) are found between house dust mites in the environ-
ment. Hence the size of the SMIPP-S gene family found here
was not anticipated.
It is not yet established whether di¡erent smipp-s all represent
distinct genes that are present in each mite or whether some re-
present sequence divergence within the mite population, as the
library here was made from about 650 mites from a single patient
(Fischer et al, 2003a). Because the group 3 allergens are gut mole-
cules the Sar s 3 paralogues may also be secreted into the gut,
although this remains to be established. Caution is necessary as
there are numerous examples in which gene duplication and di-
vergence has led to quite di¡erent functions of related gene pro-
ducts in di¡erent cellular locations (Graur and Li, 2000). smipp-s
could be developmentally regulated and hence each may be ex-
pressed during only a limited part of the life cycle. These should
be represented in the library as the mite population pooled
for preparation of the mRNA contained large and small mites,
including male and female mites of various instars, including
gravid females.
Could these proteins still be active proteases? Whereas it could
be hypothesized for any one of the smipp-s that it has mutated
into a protease that functions by a previously unknown catalytic
mechanism, the data argue strongly against this.We have identi-
¢ed a total of 10 di¡erent mutant forms of the catalytic triad. As
most known proteases fall into a very limited number of classes
of catalytic mechanism, and the cysteine proteases appear to have
evolved separately at least twice, it is unrealistic to suggest that
another 10 catalytic mechanisms have evolved in this family.
Whether these di¡erent forms have relevance to the new func-
tions is beyond speculation.
There was considerably more divergence between the smipp-s
than between the house dust mite genes and Sar s 3, even though
this is a comparison of intraspecies variation with interspecies
variation. It could re£ect less constraint on evolution of a family
of dysfunctional proteases. The genes that now encode human
chymotrypsins A and B, which show 79% amino acid similarity,
are considered to have duplicated and commenced divergence
about 270 million years ago (Graur and Li, 2000). Whereas we
have no accurate measure of the rate of evolution of these genes
in an organism with such a short life cycle, clearly separation of
the most divergent members was an ancient event. If it was sim-
ply inactivity that promoted scabies survival, however, introduc-
tion of stop codons rather than speci¢c mutations of the catalytic
triad would be frequent.Whereas we have observed one example
Figure 2. Phylogenetic relationships of the predicted mature pro-
tein sequences of house dust mite group 3 allergens and their sca-
bies mite homologs. The consensus dendrogram of a bootstrapped
alignment was generated by the parsimony method. The sequences sepa-
rated into four distinct clades (1^4). The sequence of the group 6 allergen
Der f 6 (Kawamoto et al, 1999) was included but not speci¢ed as an out-
group.
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of a stop codon in chromosomal sequences, clearly there are at
least 24 genes without any. Further, if inactivity alone promoted
survival, this would have selected for loss of expression rather
than ampli¢cation of the smipp-s family up to at least 24 genes
that are expressed.
Whereas being members of the S1 chymotrypsin protease
family, as is trypsin, group 3 allergens have been considered to
be trypsin-like enzymes. An important amino acid contributing
to speci¢city for basic amino acids in trypsin is an aspartic acid at
the position corresponding to 196 in Fig 1, whereas this is a serine
in chymotrypsin. House dust mite group 3 allergens have an as-
partic acid in this position (Fig 1) as does the Sar s 3 protein. This
position shows considerable variation among the inactivated pro-
teases; of the 21 other S. scabiei sequences available in this region,
seven have a serine in this position, six tyrosine, two alanine, two
cysteine, two arginine, one histidine, and one threonine. Notably,
acidic amino acid residues are not represented among them.
Whereas Sar s 3 apparently has a proenzyme eight amino acids
longer than the mature form, another unexpected observation
was that the predicted signal cleavage point for each of the
smipp-s for which the sequence is available, is at the site homolo-
gous to the predicted cleavage point of the proenzyme to form
the mature house dust mite proteases. Genetic inactivation of the
proteases would preclude self-cleavage, but should not a¡ect clea-
vage by a di¡erent protease. Hence we presume that cleavage at
this site by the signal peptidase is a secondary adaptation allow-
ing production of molecules with structures equivalent to mature
proteases in the absence of the ability to self-cleave. Whereas
some critical cysteine residues mediating the disul¢de bond struc-
ture of the chymotrypsin protease clan are wholly conserved, the
disul¢de bond from residues 198 to 227 across the active site has
been lost. Taken together, all these features of smipp-s gene pro-
ducts must mean that they now function in another way. We
hypothesize that this may re£ect a critical step during adaptation
to a parasitic lifestyle in the scabies lineage.
What could that function be? The most obvious feature of sca-
bies infestation is that it elicits a delayed-type hypersensitivity re-
action. As the gut proteases of house dust mites are potent
allergens, it would be surprising if their homologs in scabies
mites were not involved in the host immunologic response. Pre-
liminary studies by immunoblotting have not revealed reactions
of IgE from scabies patients with an expressed house dust mite
group 3 paralogue (unpublished data) but this may well require
molecules in native conformation, which will be di⁄cult to
ascertain in the absence of catalytic activity.
It is possible that in some way, inactivation of the catalytic triad
is an adaptation enabling parasitic mites to survive against the on-
slaught of the host defense mechanisms. SMIPP-S may well re-
tain the capacity to bind peptides, the initial step in catalysis,
and this may mediate their present function. This hypothesis will
be experimentally testable with recombinant SMIPP-S. If so,
they may be antagonists of other proteases because they bind sub-
strates; however, other properties may be more relevant. They
may provide a web of immunologically cross-reactive sequences
that interfere with a⁄nity maturation of the host antibody
response and thereby protect Sar s 3 against inactivation by anti-
bodies imbibed into the gut of the mite; this may be critical for
digestion. Alternatively, they may bind to serine protease inhibi-
tors, thereby protecting Sar s 3 from inactivation.
Ixodid ticks, which imbibe blood, produce proteins that inter-
fere with the blood clotting cascade, thus ensuring that the
blood remains in a £uid state and hence is available for digestion
(Lehane, 1994). Serine proteases of the mammalian blood coagu-
lation cascade are under tight and co-ordinated control of serine
protease inhibitors (serpins), including anti-thrombin, protein C
inhibitor, heparin cofactor II, protease nexin 1, and plasmino-
gen activator inhibitor-1. In the gut of the feeding scabies mite
this complex proteolytic/serpin cascade presumably must be
disrupted without proteolytic digestion disrupting. One possibi-
lity is that SMIPP-S may bind to mammalian serine protease
inhibitors, thereby protecting Sar s 3 from inactivation.Whereas
this has not been observed previously, the converse of parasite
serpins interacting with mammalian proteases has (Zang et al,
1999). Absence of the active serine would prevent formation
of the ‘‘suicide’’ covalent serpin protease complexes that are the
end point of this interaction; however, it is notable that
arti¢cial substitution of an alanine for the active serine in trypsin
has been shown to result in a very stable noncovalent Michaelis
complex with bovine pancreatic trypsin inhibitor (Ye et al,
2001).
Another important function of proteases that may be relevant
is interaction with protease-activated receptors (PAR), which
modulate cell behavior (Macfarlane et al, 2001). Keratinocytes are
known to possess PAR-2 receptors (Shpacovitch et al, 2002),
which are trypsin rather than thrombin sensitive. Recently, it
has been demonstrated that house dust mite proteases Der p 3
and Der p 9 (also a serine protease) cleave PAR-2 at the activation
site and stimulate human pulmonary epithelial cells, inducing
cytokine release (Sun et al, 2001). It was concluded that house dust
mite proteases may induce a nonallergic in£ammatory response
through the release of pro-in£ammatory cytokines mediated by
PAR-2, in addition to their role as allergens (King et al, 1998;
Sun et al, 2001). It has been postulated that such active interactions
are the reason why house dust mite hydrolytic enzymes are such
potent allergens. A counter argument is the recent discovery of an
allergen from the German cockroach Blattella germanica with
homology to aspartic proteases but with an inactive catalytic site
(Pomes et al, 2002). The Sar s 3 protease of S. scabiei that we have
identi¢ed could have such an e¡ect in epidermis, which could be
detrimental to mite survival. This may be the reason other mem-
bers of the family have been genetically inactivated. It may be an
important adaptation to parasitism, which is not relevant to house
dust mites, which feed on dead skin fragments.We hypothesize
therefore that the SMIPP-S bind to keratinocyte PAR-2 but can-
not cleave it, and indeed may block it from activation by other
proteases, including Sar s 3, therefore inhibiting the in£amma-
tory response and protecting the mites. This should be testable
using recombinant molecules for inhibition of proteolytic stimu-
lation of keratinocytes and pulmonary epithelial cells via PAR-2
as described (King et al, 1998; Sun et al, 2001). It is possible that
divergence of the SMIPP-S represents specialization for interac-
tion with di¡erent PAR.These can all be activated by serine pro-
teases but at di¡ering concentrations of di¡erent individual
proteases.We note that molecules that could inhibit PAR activa-
tion may have important implications for asthma therapeutics.
PAR-2 is expressed on keratinocytes but not melanocytes and
has recently been ascribed importance in the regulation of pig-
mentation by phagocytosis of melanosomes (Seiberg et al, 2000;
Paine et al, 2001). Topical application of the peptide SLIGRL (cor-
responding to the N-terminus of PAR-2 after cleavage), a peptide
known to activate PAR-2 in the absence of cleavage, resulted in
visible darkening of skin (Seiberg et al, 2000). Agents that inhibit
serine proteases were shown to result in depigmentation of skin
(Paine et al, 2001). Scabies can cause depigmentation, notably in
severe crusted scabies. Hence there is circumstantial evidence
that scabies produces molecules that result in inhibition of
PAR-2.
Are these SMIPP-S vaccine candidates? If their function is in-
deed to mediate host defense evasion then interfering with that
function may facilitate clearance of the parasite by normal host
defense mechanisms. This may present an unanticipated avenue
for protective vaccination.
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